Abstract. We compare images from the Enhanced Thematic Mapper Plus (ETM+) sensor on Landsat-7 and the Advanced Land Imager (ALI) instrument on Earth Observing One (EO-I) over a test site in Rochester, differences in the visiblehear rt-wave infrared. Spectral comHowland yield similar percenthas very low reflectance. Prinquantization. Q 2
Introduction
The Earth Observing One (EO-1) satellite was launched from Vandenberg Air Force Base on 21 November 2000 as the first Earth observing platform of NASA's New Millennium Program. As part of this effort, NASA formed a Science Validation Team (NRA 99-OES-01, EO-I) to contrast and compare the new sensor technologies with proven sensors such as the Enhanced Thematic Mapper Plus (ETM+) on the Landsat-7 spacecraft.' In this paper we present some of our comparisons of the Advanced Land Imager (ALI) and the ETM+ as part of this effort. Additionally, EO-1 camed Hyperion, an advanced hyperspectral sensor. ' We do not discuss this instrument in detail here, but do make use of its capability to extract reflectance spectra for comparisons with the ALI and E m + .
The Advanced Land Imager on the EO-1 spacecraft is a technology verification instrument under NASA's New Mil-The ETM+ on Landsat-7 is a derivative of the Thematic Mapper sensors that were flown on Landsats 4 and 5 beginning in 1982. It is more closely related to the Enhanced Thematic Mapper (ETM) that was lost in the launch failure of the commercial Landsat-6 in 1993. The primary changes from the TM sensors are the addition of a 15-m panchromatic band, the incorporation of two gain ranges for all bands, the improvement of the thermal band spatial resolution to 60 m, and the addition of two solar calibrator^?,^ The ETM+ was built by SBRS under contract to NASA.
The ALI differs from the ETM+ in a number of ways. The pushbroom design of the ALI provides a much longer than the whiskbroom ETM+ (-10 psec), 2-bit digitization of the ALI data with a s
The 10-m GSD of the panchromatic ban 15-m GSD of the essentially a raw, but band separated, data product. We applied standard radiometric corrections to create LlR datasets using the GSFC copy of the EDC Image Assessment System. For the Howland scene we acauired the Maine. We used the Second Simulation of the Sate1 nal in the Solar Spectrum (6s) radiative transfer c derive coefficients for each ETM+ and ALI wav band that convert the at-sensor radiance to es face reflectance. Atmospheric parameters used by 6 s were derived from nearby sun tracking photometers and from an orbiting ozone spectrometer. We extract image subsets and sample reflectance spectra to illustrate the differences and consistencies in the two sensors. Our comparisons include simple visual analyses, comparison of noise levels and spectral reflectance curves, and analysis of information content using principal components and calculation of Normalized Difference Vegetation Index (NDVI) images.
ETM+ L l G data product from EDC. The L1G pbduct is a scene that has been further geometrically calibrated to ve the effects of ETM+ scan mirror velocity variaand then reprojected to UTM coordinates using nearighbor resampling. Finally, each ETM+ scene was , and approximating the interaction between the absorption and scattering. It integrates both the solar spectrum and the atmospheric absorption and scattering across the relative spectral response functions for each of the 17 ETM+ and ALI bands, and returns the coefficients xa, xb, and xc that convert the measured at sensor radiance in each band to atmospherically corrected surface reflectance (ACR) via the following equa- Fig. 3 we show true color composites of the atmospherically corrected reflectance images using bands 3, 2, and 1 of the ETM+ and ALI. We use identical linear color transfer functions that exclude the highest and lowest 2% of the pixel histograms. We present Level 1R data from both instruments to maximize radiometric fidelity, which means that slight geometric displacements are visible in the ETM+ image due to scan mirror velocity variations, and that north is not precisely up.
Qualitatively the IXM+ and ALI images are nearly indistinguishable. We can see more detail in Lake Ontario because of the 12-bit quantization of the ALI data. Interestingly, we can use the -1 minute separation between the images to conclude that the ship near the pier in the ETM + image is entering Lake Ontario at roughly 24 knots.
We present comparisons of the ALI and ETM+ panchromatic bands in Figs. 4, 5, and 6. In Fig. 4 we show Irondequoit Bay and the pier into Lake Ontario and in Fig.  5 we display our Rochester forest test site. The prominent facility in the center of Fig. 5 is the VanLare Waste Water Treatment Plant, and our forest site is just below and to the left. We show a similar comparison of the Howland forest site in Fig. 6 . The highway interchange shown is Interstate 95 and Maine State Highway 6. In contrast to the similarity of the multispectral comparisons, we see dramatic differences between the panchromatic bands. In Fig. 4 we see that the ALI data provide better definition of the manna and pier, and dramatically more detail in the water features of both Lake Ontario and Irondequoit Bay. In Figs. 5 and 6 we see a sharply different contrast between the forest and surrounding targets, in that the trees appear bright in the narrowing of the spectral bandpass. The 12-bit quantization is most responsible for the improved water detail, while the narrower bandpass is more critical for the differences seen in Figs. 5 and 6. With a bandpass that cuts off at 0.7 ,urn, the ALI panchromatic images exclude the sharp vegetation rise, darkening the forest and improving the overall contrast. We begin by examining the noise levels in each of the ETM+ and ALI bands. Since our goal is to understand the spectral information content when observing real surface targets, we will characterize the noise in the atmospherically corrected reflectance data as measured within a scene. This in situ noise assessment requires a suitably extended and uniform target, and is in contrast to pre-launch and on-orbit noise monitoring that measures the dark current for each detector when a shutter is blocking the instrument a~erture.~ Fortunately, the Rochester images contain a wide expanse of Lake Ontario extending to the Canadian shore that is suitable for a first-order noise assessment. However, we could not find an area in the lake that was featureless in each band across the entire 320 detectors of the ALI sensor chip assembly #4 used here, so we will quote reflectance noise levels to just a single significant digit or less. We find the ETMf noise levels (1 a) in the reflectance images are approximately 0.002 for bands 2, 3, 4, and 7 , but improve
Spectral Cornparis
The ALI was desi band. However, as noted a split band 4 and a new on the ETM+ design.
the differences between the to roughly 0.001 in band 5 and are higher in band 1 at about 0.003. Similarly we assess the noise levels in ALI bands 1 and 1 to be approximately 0.001, but improve to roughly 0.0005 in the rest of the bands. Thus we find that the ALI reflectance noise levels are approximately 2 X to 4 X lower e in the ETM+ images. Further we note that the ALI noise levels should be considered upper limits because real features in the lake will raise the nns deviations from
We now extract reflectance spectra from sample sites in both the Rochester and Howland scenes to quantitatively spectral bands of the ETM+ and ALI Rochester scene we extracted 4 pixels a reasonably uniform grassy field, which we judged e to be common between the scenes, and in Fig. 8(a) ot the mean reflectance spectra from each sensor. For we similarly plot the average of -25 points from forest area, while in Fig. 8(c TOMS measurements. In Fig. 7 (a) the dashed line relative spectral response for the ETM+ band 4, clearly integrating o tween -0.81-0.84 responses for the ALI bands 4 and 4' were design avoid this absorption. In Fig. 7 (b) the dark solid line s tiple pixels h each case to average over dif-1 alignment and to allow for differences in h sensor. We find the overall agreement is the grass and forest regions. All bands to within -5%, and the agreement in d 7) is -2%. For the grass spectra 1 is -6%, but this is only an e of -0.004, or roughly la. This difference gr 9% for the forest spectra in Rochester andut the absolute reflectance differences -0.007, respectively, so the much larger perc rences are due to the very low reflectance in band that the formal uncertainty i to the 6s atmospheric correction quantization. Although we realize the NDVI is not typical used to analyze water targets, the ratio provides insight in1 the noise characteristics of the two sensors.
The uncertainty is largest in the shortest wavelength

Conclusions
We have generated a set of atmospherically corrected, con parison images from the ETM+ sensor on Landsat-7 ad 
